A method for the preparation of a well aligned silver behenate sample is described. Multiple (0 0 l) diffraction peaks, (0 0 1) to (0 0 48), are easily observed using a conventional laboratory X-ray diffraction instrument.
Introduction
Silver behenate, a crystalline long-chain silver carboxylate, CH 3 (CH 2 ) 20 COOAg, has been shown to be a useful material for lowangle calibration of X-ray diffraction instruments (Huang et al., 1993; Blanton et al., 1995a,b) . The (0 0 l) long-period spacing of 58.38 A Ê is a result of a tail-to-tail alignment of two silver behenate molecules in a unit cell (Blanton & Whitcomb, 1999) . Preferred orientation of specimens prepared for diffraction analysis is easily obtained as a result of the plate-like morphology of silver behenate, where the mean thickness is $0.1 mm and surface dimensions are 0.2±2 mm in length. A typical diffraction pattern collected using a Bragg±Brentano diffractometer is shown in Fig. 1 . Many laboratories have evaluated silver behenate as a low-angle X-ray diffraction calibration material; the results indicated that this material should be made available to the scienti®c community for diffraction studies. [In 1999, Eastman Kodak Company provided silver behenate to The Gem Dugout (Smith, 1999) , from where it may be purchased for scienti®c study. One-half of the purchase price is donated to the International Centre for Diffraction Data for the ICDD Crystallographic Scholarship fund.] Recent papers by Gilles et al. (1998) and Keiderling et al. (1999) have demonstrated the use of silver behenate as a possible calibration standard for small-angle neutron scattering instruments.
Though packed powder specimens of silver behenate provide useful low-angle diffraction results from the ®rst 13 (0 0 l) diffraction peaks (1.5±20 2, Cu K radiation), they tend to provide little additional data beyond 20 2. It is desirable to have a calibration sample that covers a wider 2 range for diffractometer-based instruments. Mixing of silver behenate and an inorganic powder (silicon, -Al 2 O 3 , tungsten, mica, etc.) in a suitable binder, such as a fast-cure low-temperature epoxy (Blanton et al., 1995a,b) , will provide such a specimen. In this communication, we describe a method for preparing a silver behenate specimen, which will provide useful diffraction data from 1.5±80 2 (Cu K). This method utilizes silver behenate powder dispersed in a binder/solvent system such that a thin coating can be fabricated that will result in a near-perfect planar alignment of the silver behenate plates. Such a sample has the advantage of a well calibrated (0 0 l) spacing, requires only one diffracting phase to be coated, and can be easily prepared on a variety of substrate materials and of various sizes.
Specimen preparation
Silver behenate powder (9.26 g; Eastman Kodak Company), was dispersed in a polyvinyl butyral (2.42 g; Butvar 2 , Solutia) toluene (46.03 g; EM Science) solution. The polyvinyl butyral serves as a binder for the resulting specimen coating. Preparation of a specimen for diffraction analysis involves placing a few drops of the dispersion sample onto a substrate, such as a silicon wafer, zero-background quartz disk (Smith, 1999) , glass slide, amorphous polymer ®lm, etc., followed by spreading the deposited dispersion. One might be tempted to coat the silver behenate on a polycrystalline substrate and use diffraction data from the coating and substrate for instrument calibration. This approach is not recommended since the silver behenate and the substrate will not be coplanar when prepared in this manner. One method utilized to spread the dispersion is to take a glass slide and smear the drops on the substrate. A more sophisticated approach is to spin the substrate at a few thousand rotations per minute and dispense a few drops of the dispersion onto the rotating substrate. Both methods will provide useful samples, though our experimental work indicates that the spin-coating technique provides better specimen-to-specimen thicknesses repeatability. We also observed that the addition of more toluene to the dispersion prior to spin coating results in the generation of thinner silver behenate coatings. After coating of the dispersion is complete, specimens are allowed to dry in ambient air. The amount of time required for drying, dependent upon wet-coating thickness and the ambient conditions, is typically a few minutes. Specimens were analyzed using a Rigaku Bragg±Brentano diffractometer, with Cu K radiation, a step size of 0.05 and 2 s step À1 .
Figure 1
X-ray diffraction pattern of silver behenate powder, front packed into the sample holder, recorded using a laboratory Bragg±Brentano diffractometer (Cu K radiation).
Results
SEM micrographs of the resulting silver behenate±Butvar spincoated ®lms, shown in Fig. 2 , reveal well aligned silver behenate platelets with preferred orientation near parallel with the silicon substrate. In Fig. 3 , a diffraction pattern is shown for this silver behenate±Butvar ®lm. All peaks observed in this pattern can be indexed as (0 0 l), ranging from (0 0 1) to (0 0 48). We are not aware of other materials and/or preparation techniques that have generated such a set of diffraction data. A rocking curve of the (0 0 13) silver behenate diffraction peak ($19.8 2) gave a rocking-curve full width at half-maximum (FWHM) of 3.70 (the instrument used in this study has a single-crystal -Al 2 O 3 rocking-curve FWHM of 0.17 and a powder -Al 2 O 3 rocking-curve FWHM of >20 ). Note that in Fig. 3 the (0 0 16) ($24.4 2) and (0 0 19) ($29.1 2) peaks are missing. This absence was observed in all samples prepared in this way, and appears to be a structural absence resulting from the C, H and O atoms having suf®cient scattering out of phase with the scattering contribution due to Ag in this 2 range. The silver behenate diffraction peaks are moderately broad as a result of the small crystallite size ($950 A Ê ) (Huang et al., 1993) . In these samples, there was no additional line broadening resulting from coating silver behenate with the Butvar polymer binder.
The preferred orientation of platelets observed in Fig. 2 is a dominating factor in being able to obtain a diffraction pattern as shown in Fig. 3 . The platelets resemble a deck of cards, which are spread about on a¯at surface. They lie near parallel to that surface (planar alignment), while demonstrating no in-plane alignment. A second signi®cant factor that contributes to the quality of the pattern in Fig. 3 is the high-Z element silver in silver behenate. When using Cu K radiation, most organic materials show little or no useful diffraction data beyond 40±50 2 as C, H, N and O are weak X-ray scatterers. Silver provides the necessary scattering component that allows for the observation of useful diffraction peaks out to 80 2. Beyond 80 2, the diffraction peak intensity for these silver behenate samples drops off signi®cantly. A few additional (0 0 l) peaks can be observed but they require longer count times to obtain an acceptable peak to background ratio. One additional factor that should be mentioned as a contributor to the ability of collecting a large number of (0 0 l) diffraction peaks is having a well aligned diffractometer. The more oriented the sample, the more critical the alignment.
The stability of these coated specimens was assessed during this study. Prolonged exposure to an X-ray beam will cause the silver behenate to discolor (to light brown). However, the diffraction pattern was not observed to degrade after 5 h of exposure to a 50 kV, 300 mA, X-ray beam. short communications Figure 3 X-ray diffraction pattern of silver behenate on a (5 1 0) silicon wafer. The specimen was generated by spin-coating ®ve drops of a silver behenate dispersion and rotating at $2000 r.p.m. The ®nal silver behenate coating thickness was $3.2 mm.
Figure 2
SEM micrographs of silver behenate on a (5 1 0) silicon wafer: (a) 5000Â, (b) 20 000Â. The specimen was generated by spin-coating ®ve drops of a silver behenate dispersion and rotating at $2000 r.p.m. The ®nal silver behenate coating thickness was $3.2 mm. (SEM micrographs provided by Dr Anne West, Eastman Kodak Company.)
